Purpose: Cardiac MRI (CMRI) is an effective method for imaging of the heart. The aim of our study was to assess whether an axial chest sequence in addition to the standard CMR examination setting has advantages in the detection of potentially significant extracardiac findings (PSEF). Materials and Methods: 400 consecutive patients were imaged at 1.5 T for clinical reasons. In addition to the standard long and short-axis views, an axial SSFP sequence was obtained covering the thorax from the lung apex to the diaphragm. All sequences were separately evaluated for PSEF. Results: A total of 25 PSEF were diagnosed in 400 patients, including 16 pleural effusions, a pulmonary fibrosis, a spondylodiscitis, ascites, lymphadenopathies, relapse of a mamma carcinoma, growth of adrenal glands metastases and diaphragmatic elevation. All 25 PSEF were detected by reading survey sequences. 24 of the 25 PSEF were detected by the additional SSFP chest sequence as well as the CINE sequences. Conclusion: In our study the additional axial SSFP chest sequence didn't show a benefit in the detection of PSEF. With the survey sequences we were able to detect all PSEF. We conclude that survey images should be assessed for additional findings. Citation Format:
Introduction

!
Cardiac MRI (CMRI) is a noninvasive and effective method for imaging the heart and provides excellent visualization of cardiac structure and quantification of heart function. The imaging problems of the past due to cardiac motion were widely resolved by designing new sequences and increasing the imaging speeds at the beginning of this century. In the last decade CMRI has become a powerful diagnostic tool and now plays a significant role in the diagnosis of myocardial infarction, coronary artery diseases, congenital heart disease, non-ischemic cardiomyopathies, heart insufficiency, inflammation of the heart, infiltrative disorders, valvular diseases and heart tumors. To predict the suitability of CMRI and cardiac computed tomography (CT) for different issues and clinical scenarios, a German consensus document was developed in collaboration by the German Cardiac Society, the German Radiology Society and the German Society of Pediatric Cardiology [1] . For this purpose a 5-point scale was designed to rate the indication level for the use of CMRI and cardiac CT. Beside the evaluation of the heart, additional imaging information is generated in the CMRI examination setting. Delineation of partly and totally included thoracic and abdominal structures with incidental detection of non-cardiac pathology is obtained. Potentially significant extracardiac findings (PSEF) and non-significant extracardiac findings can be distinguished. PSEF are defined as potentially important additional findings which perhaps require further evaluation with additional imaging or laboratory tests, tissue sampling, further clinical assessment or possibly therapeutic intervention in the patient management [2] . The prevalence of incidental findings in other cross-sectional imaging methods, for example CT-colonography [3 -5] and cardiac CT, is already well described [6 -12] . A newer study also assessed the prevalence of incidental findings in CT of the lumbar spine [13] . CMRI studies are less thoroughly investigated and only a few studies deal with the prevalence of potentially significant and non-significant extracardiac findings. In these studies extracardiac findings are reported with a wide range between 7.6 % and 81 % with a prevalence of potentially significant extracardiac findings between 3.1 % and 21 % [14 -16] . In addition to these prevalence rates, the study of Wyttenbach et al. compared the intraobserver variability between the original clinical reading and the second dedicated reading of the CMR study. Wyttenbach et al. showed a significantly higher detection rate of secondary findings in the secondary image reading [16] . At our institution an additional axial SSFP (steady state free precession) chest sequence is implemented in the CMRI setting. This SSFP chest sequence covers the thorax from the lung apex to the diaphragm and requires an acquisition time of 20 to 30 seconds ( • " Fig. 1 ). The reason for obtaining this sequence is to generate an overview of cardiac anatomy and to evaluate the thorax for additional findings. The aim of our study was to systematically analyze the diagnostic gain of the additional axial SSFP sequence for the detection of PSEF.
Survey-Sequenzen in der kardialen MRT-Untersuchung gründ-lich hinsichtlich extrakardialer Nebenbefunde betrachtet werden sollten. 
Materials and Methods
!
Imaging was performed with a Siemens Avanto 1.5 Tesla scanner and a Philips Intera 1.5 Tesla scanner using a dedicated cardiac coil. Standardized CMR examination protocols based on the clinical indications containing axial, coronal and sagittal thoracic survey images, balanced fast field echo sequences, SSFP sequences, black-blood sequences, late gadolinium enhancement sequences (LGE) and, when indicated clinically, myocardial perfusion sequences with intravenous adenosine infusion were used. In addition to the standard sequences, an axial SSFP sequence covering the thorax from the lung apex to the diaphragm with a slice thickness of 6 mm or 8 mm depending on the MRI scanner being used was obtained. The imaging parameters were: TR 285.16 ms, TE 1.14 ms, FoV 400x400, matrix 256x168 and 7.2 mm gap. 400 consecutive investigations were analyzed. All patients were imaged between April 2010 and September 2011. 223 males and 177 females were included in the current study. The mean age was 52 years (+/-18 years standard deviation) with a range between 17 and 88 years. The most common indications for CMRI were ischemic heart diseases in 149 patients (37. Table 1 . The axial SSFP images, the survey images covering the thorax from the lung apex to the upper abdomen (SSFP, TR 323.84 ms, TE 1.14 ms, FoV 352x356, matrix 272x170, slice thickness 8 mm and 32 mm gap) and the sequences tailored to imaging of the heart were evaluated in consensus for the presence of PSEF by two experienced readers. In addition, the age of all patients with PSEF was evaluated and the patients were summarized in age groups.
Results
!
A total of 25 PSEF were diagnosed including 16 pleural effusions with greater or lesser degrees of dystelectasis, an amiodarone-induced pulmonary fibrosis ( • " Fig. 2a, b) , a relapse of a mamma carcinoma with a mass in the upper mediastinum ( • " Fig. 2c, d ), Fig. 3) , a lymphadenopathy at the hilum, a lymphadenopathy of the mediastinum, growth of adrenal gland Fig. 4a, b) , ascites in a patient with liver cirrhosis ( • " Fig. 4c, d ) and two cases of diaphragmatic elevation. The PSEF are summarized in • " Table 2 . A total of 16 PSEF (61.5 %) including the relapse of the mamma carcinoma, the growth of the adrenal gland metastasis, the spondylodiscitis and the amiodarone-induced pulmonary fibrosis were not known previously. In these 4 cases further additional imaging was required. In the case of the mamma carcinoma relapse, CT and PET (positron emission tomography)-CT were required, in the case of the adrenal gland metastases, CT was also required for further diagnostic measures, the spondylodiscitis required MRI, and the pulmonary fibrosis required HRCT (high-resolution computed tomography). 24 of the 25 PSEF were visible on the additional axial SSFP chest sequence and all PSEF were visible in the survey sequences. The adrenal gland metastases were not visualized in the cardiac examination sequences and in the additional SSFP chest sequence. This pathology was only delineated in the survey sequences.
• " Table 3 shows the PSEF in relation to the cardiac MRI sequences in which they were visible. 64 % of the PSEF were detected in the patient group older than 50 years and 78 % were detected in the patient group older than 40 years.
• " Table 4 shows the relationship between PSEF and patient age. Discussion ! With 6.25 % PSEF our study showed a comparable prevalence to previously published results [14 -16] . A total of 16 PSEF (61.5 %) were not known previously. In 4 cases further imaging including HRCT, PET-CT, MRI and CT was required. The implemented additional axial SSFP chest sequence in the CMRI setting poses an additional time loss of 20 -30 seconds and didn't show a benefit in the detection of PSEF. Actually with the sequences tailored to imaging of the heart and with the survey sequences, we were able to detect all of the 25 PSEF. One pathologic finding was not visible in the additional SSFP chest sequence. The adrenal gland metastases were only delineated by the survey sequences and were not known previously. Therefore, all pathologic findings were detectable by reading the survey images. PSEF were preferentially detected among older age groups with 65 % of the PSEF detected in the age group older than 50 years. In a further study by Atalay et al., the most PSEF were detected in the patient group older than 60 years (85.6 %) [2] . In general, radiologists usually don't like reading survey images since these sequences with a large field of view are less appealing due to lower resolution and optimization for the delineation of prominent anatomical landmarks. Survey sequences only contain several slices in all three dimensions and do not cover the imaged region without a gap. In this context the larger field of view of the survey sequences compared to the additional axial SSFP chest sequence surely contributed to our result with better detection of additional findings. Otherwise, in our group of patients for example no smaller lung lesions or masses were detected and it remains unanswered if an additional axial SSFP chest sequence might be preferential in the detection of such lesions due to the smaller gap. In the survey sequences as well as in the additional SSFP chest sequence, the diagnosis of PSEF is based on MRI morphologic characteristics without contrast agent injection. In this setting tailored imaging protocols, which contain multiple sequences with different weighting, are not available. Consequently, in some cases further and adequate characterization of the detected lesions upon CMRI is not possible. Scheduling further imaging sessions for patients or triaging them to different imaging modalities such as CT or PET-CT (positron emission tomography CT) might be necessary or required. For example, when uncertain liver lesions are detected, dynamic T1 sequences are needed to exclude hyper-vascularization in the case of questions regarding hepatocellular carcinomas. Furthermore, when additional findings in cross-sectional imaging methods are described and additional and optimized imaging sessions in accordance with the respective research question are required, additional personnel costs and equipment costs are generated by the diagnosis of uncertain lesions. If the result is the detection of a previously unknown PSEF, early treatment might increase the success of the therapy and also effectively save costs.
However, if the second examination reveals an insignificant finding or is still inconclusive, the follow-up costs might be increased without any benefit.
Conclusion
!
The results of the current study demonstrate that an axial SSFP chest sequence in the CMRI setting covering the chest from the lung apex to the diaphragm without a gap, optimized for the visualization of the heart and the mediastinum, did not show a benefit in detecting additional findings. In our group of patients all PSEF were visible on the survey images. In times of cost-effectiveness and time pressure, an additional axial SSFP chest sequence might not be necessary especially when high quality survey sequences are generated. We conclude that the survey images in CMRI patients should be assessed for additional findings. 
